for dressage horses based on time-motion analysis of competitions. J. Appl. Physiol. 74(5): 2325-2329, 1993.-The time-motion characteristics of Canadian basic-and medium-level dressage competitions are described, and the results are applied in formulating sport-specific conditioning programs. One competition was analyzed at the six levels from basic 1 to medium 3. Each test was divided into a series of sequences based on the type and speed of activity. The durations of the sequences were measured from videotapes. The basic-level tests had fewer sequences, and they were shorter in distance and duration than the medium tests (P < O.lO), but the average speed did not differ between the two levels. It is recommended that horses competing at the basic levels be conditioned using 5-min exercise periods, with short (10-s) bursts of lengthened trot and canter included at basic 2 and above. In preparation for medium-level competitions, the duration of the work periods increases to 7 min, lo-to 12-s bursts of medium or extended trot and canter are included, and transitions are performed frequently to simulate the energy expenditure in overcoming inertia. exercise physiology; conditioning temporal characteristics; sport-specific TECHNICAL TRAINING and physiological conditioning are integral parts of the overall preparation of the equine athlete for competition ( 4). Technical t #raining teaches the horse to perform the biomechanical skills, whereas the conditioning program has the dual benefits of enhancing physical fitness and reducing the risk of injury (12) . The skillful trainer integrates the two aspects to prepare the horse thoroughly for the demands petitive performance.
of a comIn the sport of dressage, the horse is required to perform three gaits, the walk, the trot, and the canter, which are distinguished by the sequence and timing of the limb placements. Within each gait, variations in gait type are differentiated according to the style and carriage of the horse and the stride length, which is varied independently of stride rate. In order of increasing stride length, the gait types are known dium, and extended gaits.
as the collected, working, me-A dressage test is comprised of a series of movements, each of which is scored on a scale of l-10 by one or more judges. The tests used in national competitions in Canada have been developed by the Canadian Equestrian Federation (CEF), with the objective of encouraging the progressive development of the technical skills of the dressage horse as it advances through the basic (introductory) and medium (intermediate) levels. The study reported here was performed in 1990, when the CEF system consisted of three basic and three medium levels of competition.
In ascending order of difficulty, the levels were basic 1, basic 2, basic 3, medium 1, medium 2, and medium 3, and there we re four test s within each level.
The tests were designed so that the technical demands increase as the horse advances through the levels, but there is a lack of information regarding the physiological requirements.
Such information would be useful as a basis for the formulation of conditioning programs for dressage horses competing at the basic and medium levels.
Time-motion analysis (TMA) is a technique for analyzing the temporal characteristics of a sporting performance as a preliminary to developing a sport-specific conditioning program. TMA involves subdividing the competitive performance into a series of sequences, according to the type and speed of activity. The duration of each sequence is measured, and if the distance is known, the average speed is computed. The information is used to develop a conditioning program that simulates the competition in terms of the duration of different activities and the ratios between the time segments.
TMA has been used as an indication of the physiological requirements of the competitive performance in a variety of sports, including ice hockey (7), racquetball (9), soccer (8), handball (l), baseball, basketball, and football (6). On the basis of the results of TMA, conditioning programs have been developed that are specific not only for the sport (1, 7) but also for different positional roles in match play (11 ) and even for referees (3) . In equestrian sports, TMA has been used to study the G rand Prix dressage test (4). The results indicated that the distance covered was lJ30.8 m , the av rerage duration was 469.2 s, and the average speed was 2. 34 m/s. The majority of the time was spent in gaits and movements that involved a slow speed of progression. Only 12% of the time was spent at a medium or extended trot or canter, which occurred in short bursts of 9-to 13-s duration. On the basis of these results, it was recommended that cardiovascular conditioning for the horse be based on 8-min periods of continuous exercise, with frequent transitions and brief (12-s) accelerations in the extended gaits (4).
The present study was undertaken to provide information about the temporal characteristics of the sport of dressage at the basic and medium levels, with the objec- tive of developing recommendations for conditioning programs based on the physiological requirements of the sport at different levels of competition.
MATERIALS AND METHODS
The methodology involved videotaping and analyzing competitions at each of the six levels from basic 1 to medium 3 during CEF-recognized dressage shows in the summer of 1990. The basic-level tests were performed in a small (20 X 40-m) arena, whereas the medium-level tests were performed in a large (20 X 60-m) arena. A camcorder (Panasonic model AG 450, Matsushita Electrical Industrial, Osaka, Japan) was set up either 20 m behind marker E or B on the long side of the arena or 20 m from a corner of the arena (Fig. 1) . Each test was taped in its entirety starting just before the horse entered the arena and ending after the final salute. Subjects were selected for analysis when the entire test was visible on the videotape and the competitor did not make any errors that involved a deviation from the prescribed pattern.
The tests were divided into a series of sequences according to the gait and speed. The distance of the sequences was calculated based on a knowledge of the dimensions of the arena (Fig. 1) . When the test called for a right-angled turn, it was assumed that the horse actually performed a quarter circle of 6 m diam. During replay of the videotapes on a monitor/player (Panasonic model AG 500, Matsushita Electrical Industrial), the time taken to perform each sequence was measured with a stopwatch. The average speed of the sequences was computed from the distance divided by the time. The time spent in different types of activity was also expressed as a percentage of the total time.
Statistical analyses were performed using the Statistical Packages for the Social Sciences (SPSS/PC+, SPSS, Chicago, IL). Descriptive statistics (means t SD) were computed for the time taken by the competitors to comHigh coefficients of variation (up to 46%) were recorded 6m 1 for the halt sequences, because the riders varied greatly in how long the halt was sustained. Relatively high coefficients of variati on were also found in sequences that involved a change of canter lead through a trot (23-37% ) or walk (14-22%) because of the variation in the number of strides of trot or walk, in the half pirouettes at a walk (1525%) because of a marked slowing of the rhythm in some horses, and in the movements performed between two markers rather than at a specific point in the arena (16-33%).
Summary statistics describing the number of sequences, the distance, the duration, and the average speed of the basic-and medium-level tests are shown in Table 7 . The analysis of variance showed that the medium-level tests involved a significantly greater number of sequences (P = 0.026), a longer distance (P = 0.087), and a longer total duration (P = 0.038) than the basiclevel tests. There was no significant difference in the average speed at the two levels of competition (P = 0.451).
DISCUSSION
The low coefficients of variation in the duration of most sequences show a degree of consistency between competitors and indicate that evaluation of a relatively small number of horses is adequate for the purposes of TMA. In human sports, it has been suggested that the analysis of as few as two competitive performances is sufficient to be representative (1) .
The formulation of a sport-specific conditioning program is dependent on understanding the physiological requirements of the sport, and TMA is an effective method of analyzing the competitive performance before development of a cardiovascular conditioning schedule (8). The relatively slow average speed (2.71-3.23 m/s) sumption that dressage horses accomplish the majority of their work load aerobically. However, some lactate may accumulate, even though the heart rates generally remain below the anaerobic threshold (2) . When the objective is to increase the horse's cardiovascular fitness, workouts are performed three times a week, with a reduction to twice a week for maintenance (5). On the basis of the results of this study, it is recommended that horses preparing for basic-level competitions should perform 5min periods of continuous exercise (work periods) at a walk, trot, and canter. A suitable cardiovascular conditioning schedule uses an interval-training format, four 5-min work periods separated by 5-min rest intervals, during which the horse performs low-intensity aerobic exercise to maintain the circulation to the working muscles while allowing physical recovery and mental relaxation. Dynamic suppling exercises (circles, lateral
Values are means + SD; n, no., of sequences. movements) are included in the rest intervals to relieve tension and encourage relaxation. During the work periods, the ratio of trotting and cantering time to walking time should be 3:l in horses preparing for basic 1 level, rising to 8:l in those preparing for basic 3 level to mimic the competitive situation. The lengthened trot and canter are introduced in the basic 2 dressage tests, and there are two sequences of lengthened trot and two sequences of lengthened canter in the basic 2 and basic 3 tests. Therefore it is recommended that horses compet- ing at these levels perform two 10-s bursts of lengthened trot and two 10-s bursts of lengthened canter in each work period during the cardiovascular conditioning workouts.
In the basic-level tests, the horse is required to perform the working gaits and to lengthen the stride. Collected, medium, and extended gaits are introduced at the medium levels and eventually replace the working gaits. The rate of energy expenditure is higher in the medium and extended gaits because of the faster speed of progression, although the average speeds computed for these sequences underestimate the maximal speed because of the inclusion of the transitions (accelerations and decelerations) at the start and end of the sequences. The collected gaits are performed at a slower speed than the working gaits, but the sequences performed in the collected gaits include technically difficult movements, such as the counter change of hand, tempi changes, and pirouettes, which are associated with higher heart rates and a more rapid rate of energy expenditure than would be expected on the basis of the speed alone (4).
Another consideration is that each time the speed or direction of movement changes, the horse expends energy to overcome inertia, and TMA tends to underestimate the energy cost of accelerations, decelerations, stopping, and turning (7). The number of sequences in a dressage test gives an indication of the inertial energy expenditure associated with the transitions, and the finding that, on average, the medium-level tests have twice as many sequences as the basic-level tests represents a considerable increase in the energy required. The fact that the medium 1 test had more sequences than the medium 2 or 3 tests is inconsistent with a progressive increase in the energy requirements. It is recommended that when new tests are developed, they take into account the progressive development of physical fitness by requiring a gradual increase in the distance, duration, and number of sequences while encouraging the development of technical skills.
As the horse advances from basic-to medium-level competitions, there is an increase in the distance and duration of the tests (P < 0.10). In preparation for upgrading, the duration of the work periods is raised gradually to 7 min. During the work periods, the ratio of the trot and canter to the walk is in the range of 4:l to 51, which mimics the competitive situation. The intensity is increased by including approximately six bursts (lo-12 s) of medium or extended trot or canter, which mimics the test situation, and by performing more frequent transitions with abrupt changes of speed to prepare the horse for the energy expenditure involved in overcoming inertia.
It is concluded that the sport of dressage at the basic and medium levels relies primarily on aerobic metabolism to meet the energy needs, although this does not preclude the possibility of some lactate accumulation. There is likely to be an increase in the energy expenditure from the basic to the medium levels due to the significantly longer distance and duration of the tests (P < 0.10) combined with the more frequent transitions between and within the gaits, which require the use of energy to overcome inertia. Conditioning programs are based on the use of several minutes of continuous exercise, with the ratio of the time spent trotting and cantering to the time spent walking being similar to that of the tests at the different levels. In preparation for upgrading from the basic to the medium levels, the duration of the work periods is increased, and the intensity of the exercise is raised by including short bursts at a medium or and acuteness of the transitions. 
